Contribution of fructose-1,6-bisphosphatase and sedoheptulose-1,7-bisphosphatase to the photosynthetic rate and carbon flow in the Calvin cycle in transgenic plants.
To clarify the contributions of fructose-1,6-bisphosphatase (FBPase) and sedoheptulose-1,7-bisphosphatase (SBPase) separately to the carbon flux in the Calvin cycle, we generated transgenic tobacco plants expressing cyanobacterial FBPase-II in chloroplasts (TpF) or Chlamydomonas SBPase in chloroplasts (TpS). In TpF-11 plants with 2.3-fold higher FBPase activity and in TpS-11 and TpS-10 plants with 1.6- and 4.3-fold higher SBPase activity in chloroplasts compared with the wild-type plants, the amount of final dry matter was approximately 1.3-, 1.5- and 1.5-fold higher, respectively, than that of the wild-type plants. At 1,500 micromol m(-2) s(-1), the photosynthetic activities of TpF-11, TpS-11 and TpS-10 were 1.15-, 1.27- and 1.23-fold higher, respectively, than that of the wild-type plants. The in vivo activation state of ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) and the level of ribulose-1,5-bisphosphate (RuBP) in TpF-11, TpS-10 and TpS-11 were significantly higher than those in the wild-type plants. However, the transgenic plant TpF-9 which had a 1.7-fold higher level of FBPase activity showed the same phenotype as the wild-type plant, except for the increase of starch content in the source leaves. TpS-11 and TpS-10 plants with 1.6- and 4.3-fold higher SBPase activity, respectively, showed an increase in the photosynthetic CO(2) fixation, growth rate, RuBP contents and Rubisco activation state, while TpS-2 plants with 1.3-fold higher SBPase showed the same phenotype as the wild-type plants. These data indicated that the enhancement of either a >1.7-fold increase of FBPase or a 1.3-fold increase of SBPase in the chloroplasts had a marked positive effect on photosynthesis, that SBPase is the most important factor for the RuBP regeneration in the Calvin cycle and that FBPase contributes to the partitioning of the fixed carbon for RuBP regeneration or starch synthesis.